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BERYLLIUM AND BERYLL/ 


By Alice V. Petar®/ 


Beryllium, or glucinum, is often listed as a rare element, though it 
probaoly is more abundant in the earth's crust than manv of the minor metals 
that are ordinarily considered rather common, According to J. H. L. Voet ,2/ 
between 0.01 and 0.001 per cent of the entire ‘lithosphere is beryllium. It. 
is not a new metal, for it has been ‘rnown for more taan a hundred years, but 
even yet it has not been »ut to work commercially except to an extremely 
limited extent. Since beryllium is very light and exceytionally hard, and . 
strong, many believe that it is destined to snare with magnesium and aluminum 
in the fast-growing demands for light metals to be used in the construction of 
air craft. Active interest has been aroused in the possibilities of berylliun, 
and the Bureau of Mines has received numerous inquiries with regard to the 
metal and more especially with regard to sources of beryl. 


The mineral beryl, which seldom contains more than about 5 per cent 
of the element, is the only recognized ore of beryllium. It. is a2 common acces- 
sory in pegmatite veins and is also found in clay slate and mica schist, but 
hitherto only the gem varieties, including emernld and aquamarine, have been 
actively sought. In several localities, howeve:, ordinary beryl is produced 
"as a by-product in mining mica and feldsvar, and often beryl has accumlated 

on the dumps because no buyer could be found.. Only within the last two or | 
three years has there been an active demand for the mineral, even in ton lots, 
and as yet requests for carlond shixments are extremely rare. Considerable 
interest has been awakened, nevertheless, in the possibility. of opening de- 
posits that will yield beryl in substantial quantity. 


Changes’ are tatcing place apy in aetivitics seneeedine bez oylliumn. 
The’ present circular is presented with no claims that it records all of the 
latest developments. It reoresents merely a sunmary. of information wuich has 
1/ The Bureau of Mines will welcome reprinting of this piper, provided the 
following foctnote acknowledgment is used: "Reprinted. ie S. Bureau 
of ines Information Circular 5190." . 
2/ Rare metals and nonmetals. division, U. S. Bureau of tines, —— 
3/ Vogt, J. H. L., Problems in the Geology, of Ore Deposits. Frans. Am. Inst. 


Min. and Met. Eng., vol. 31, 1901, p. 128. 
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accumileted in the files of the Fureau of Mines and which, it is noved, will 
orove useful to those inturested in tue procuctic yl or utilization of this 
nevest of the light metals. a 


BERYuLTUM 
DESCRIPTION AD PROPERTIES 


The metol beryllium, or glauciaum, has aroused tne intcrest of many 
investigators, who have worked out various processes of extracting it f:om 
its ores. Beryliium is very lignt, having atout the same svecific gerovity os 
magnesium, and is almost as hard 2s quartz. It will scratch glass and it takes 
a high volisn. Early investi;ators claimed that bervllium was malleable and 
could be easily forged and cold-rolled into sheets, Sut later studies do not 
support these claims. While it is »ossible that obsolutely pure beryllium, if 
ootained, might have tne Bia veaiaes formerly PELTADUECR: to it, investigations 
conducted at the Bureau Stan dards4/ with metal of 05.7 ver cent vurity indi- 
cated the contrary. “This. product wos described as "coarsely crystalline, re- 
minding one of. ‘antimony or bismuth, * * * hard and brittle, ang apparently 
incapable of being ‘zrought cold." - It is further stated that more recently 
metal of more than £9.5 per.cent: ‘purity aas hee produced, some lots of «hich. 
are semima lleable cold and can be rolied hot into a thin shect. The melting 
point = beryilium has teen determined as l, 285° C., or » little above that 
of manganese. . » € gM sie Oe a ; ms 2 

USES 

Considerable researcn has sven carried on in tuis country and abroad 
toward the cevelopment of uses for beryllium, but the use of. os metal is 
still in the exserimental stage and its commorcial a2 ‘licati.ns are definitely 
limited until such time as the cost of extraction, now almost pronicitively 
nigh, can be redeced. From time to time there anve becn items in the press 
describing it os. the new. and and logical ere metal for aviation use, ond 
the Materials Subcommittee of the. Wetional. Advisor Comittee Sor acroncutics 
is planaing to arrange for tests of beryllium Tor use in sirplone construction. 

Nevertheless, to date, this use as not materialized, and the Siemens-Halsike 

Co. in Germany, which acs been varticularly diligent in its studies of the 
properties and possible uses of the metal, has concentrated its ciforts cniefly 
wioa alloys cortainins small quantities of beryllium with acavy metals, sucn 
ns iron, copper, and nickel.. Tt is cloimed2/ that - 


4k bers ias nardens iron to a arect exten by Ga edn on 
of only 2 per cent the ‘nardness is increased from about lu to DIC e. 
means of heat-treatment this hardness can be increased to 500 to 600, 
so that the iron is as good as the 'C' steels. SBeryvllium-iron slloys 
with more than a 4 per cent beryllium contcnt can not even te rolled, 
either cold or hot. But sucn clloys can be isprovea so that hardnesses 
are obtained waich are only very slightly below that of hardened steel. 


_— 


A Soy 


4/ UU. S. Burecu of Standards, Light igtals and Allozvs - Alumicun, Mo wnesiun 
(with bibliography). Circular 546, 1927, oo. 314-315. 

5/ Tllig, Kart, Production and Utilization of Beryllium Metal. Zschr. Angew. 
Chem., vol. 40, 1927, vp. 1160-1165. Translation, Foote-Prints, vol. l, 
“0. 4, 1928, pp. 30-33. 
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The alloys of beryllium with conser ond nickel merit svecial 

attention. * * * The resistance properties of such alloys with 2 to 
34 per cent of beryllium in an untreated condition are about equal to 
those of a high grade annealed bronze. However, by means of a suitable 
treatment, one obtains strengths which are Zar‘ beyond those of a double- 
spring, hard, rolled or drawn bronze, while the expansion values are 
about equal. .A special superiority of the beryllium-copper and beryl- 
lium-nickel alloys over bronze is that they can be workéd as desired © 
while in the untreated condition, to be hardened by prover treatment 
after completion, wnile bronze already receives its great hardness 
and strength during. the cold shaping, and no further shaping is possible 
while in this condition. As compared to the carbon-steels, these 
alloys furthermore show a great resistance to corrosion. They will, 
therefore, find application in technology wherever in addition to this 

- almost universal requirement, the nignest demands in respect to grind- 
ing, stamping, spring making, ce come under consideration. 


In Great Britain, beryllium has been studied at the National Physical 
iuvopators-wader a committee of the Department of Scientific ond Industrial 
Research. Efforts have been mode to prepars the metal in a nurer, and if 
possible, more ductile form. Small quantities of beryllium metal have become 
available in the course of the investigation, and an attenmmt has been made to 
study the alloys of iron and beryllium.& | —_ A 


In the United States the metal has been vroduced on a semi-comzercial 
scale by the Beryllium Corporation of America at Cleveland. While this com- 
pany has devoted some attention to the heavy alloys, chiefly those of beryllium 
with gold and silver, its chief interest hus been with the beryllium-aluminum 
alloys. Menahem Merlut<Sobel, formerly chemical engineer of the Berylliwn 
Corporation of America, states’/ that the addition of beryllium to aluminum 
increases its strength and resistance to corrosion, and that an alloy contain- 
ing 70 per cent beryllium and 30 »er cent aluminum "exhibits materially greater 
resistance to salt water and air corrosion than any other of the light alloys." 


B3eryllium has been used in this country and abroad in X-ray apparatus. 
Another use wrich my ¢rov considera oly is for electrodes in connection with 
neon signs. 


Experiments have been conducted Be the University of Pittsburgh8/ on 
over 80 different glasses in wrich beryllium oxide replaced calcium oxide or 
magnesium oxide. It was found that beryllium glasses are somewhat more refrac- 
tory than magnesium or calcium glasses and that beryliium zlass is much harder 
than calcium or magnesium glass. Results so far obtained indicate that 
beryllium glasses warrant further study. | 


6/ eyemi car les, The Search for New Aivoyae Vol. 12, April 7, 1928, pe 316. 
2/ Sobel, Menahem Merlub, Bery! ‘lium. Metals and Alloys, vol. 1, Aug., 1929, . 
PP. 69- 70. 
8/ Lai, Chi rae Ss Silverman, #1 EX, Beryllium Glass. Jour. An. Ceram. 


6518 | -3- 


Google 


Inf .Cir.Mo.6190. 
EISTORY 


In 1797, Holy, 2 mineralogist, found that the minerals teryl and emer- 
ald heve the same phrsical structure, hardness, and svecific gravity, and 2% hes 
suggestion, L. W. Vauquelia proved that these minerals are identical chemically. 
In miuking the analysis he also discovex -ed that they contain an oxide which at 
first no took to be a umina, but woon closer study found that it hod several 
distinct properties It vas orecipita ated from its. wotassium hydroxid« solu- 
tion by boiling; its solts had a sweet taste: its hydroxide Was soluble in 
dilute ammonium carbonate and formed in alum. 


In first describing the nev sianeat: Vauquelin dia not sive it a name, 
ut rofcrred to it as "the enrth of beryl." -The editors of the annales de 
Chimie suggested the nome of "glucinc,!! meaning’ swéet, beccuse of the taste 
of its salts, and in ao later article Vauquclix adopted theitr.susgestion. H. F. 
Link took exception ‘to the usc of this nome becnuse of-its resemblence to "gly- 
cine," which wes already in use, and -M. Hs. Kisproth, chlling attention to the 
fact thnt. the salts of yttrium eorths vere also sweet, proposed "“Porvllerdcl as 
. preferable name. For o time the clement was refered to as "bervllerdao" is 
Germany and "slucine" in France. a re mh. : 

In 1828 F. and be aouateds tie metal and called it beryllium, and sub- 
sequently the names glucinum and pees have been aoe indise: riminately. 
Both names nave their advocates. 


The early history of beryllium has been descx cibed. by Parsons= 9/ as 
follows (original references omitted) : 


Paces the discovery of the element, ‘Yauquelin studied and 
announced the properties of some of its chier po canie: In 1028 the 
metal itself ras produced in a very impure form by toth Wahler and — 

Bussy. Awdejew added raterially to the literature of the subject and 
made the first determinations of the atoinic weight that have any 
claim to accuracy. Weeren and Debray also carried on extensive in- 
vestigations of the metal, its atomic wei,;nt and chief conmmounds. Joy 
undertool: an extended research on the preparation of its compounds 
from beryl and published a fairly complete bibliography of the subject 
to his day. Atterberg and Nilson and Pettersson in the vears between 

1o73 and.1885, made large. additions to the chemistry of berylliun, 
and during these’ years a long,. earnest, and interesting discussion, 
Which nad hegun as early as Awdejev'!s time, was carried on by Jilson 
and Pettersson, Humpidge, Keynolds, Hartley, Lothar Meyer, Brauner, 
and others regarding the valency of beryliium and its place in the 
periodic system. The discussion has continued up to the present day, 
but was in reality settled wnen Nilson and Pettersson determined the 
vapor density of the chloride, and Eumpidge showed that at high tom- 
peratures the ™ ‘specific heat of beryllium aporoacned very closely to 

“norindl. Krigs and Moraht made a‘redetermination of tne atomic weight 

in 1890, and betvreen the years 1895 and 1899, Leteau publisned an 
dincortant series of articles wHich are summed io by-him in one of the 
very test articles on beryllium and its compounds. Urvain and 


gf Parsons, C. L., The Chemistry and Literature of Beryllium. Chem. P Put lish 
ine Cos¢. aston: Pass LOOG, De ee 
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Lacombe discovered the remarkable basic salts of the acetic acid series 
and Parsons redetermined the atomic weight by new methods and studied 
many compounds, especially the so-called basic salts of some of the 
earlier writers. Wiumerous other investigators * * * have also contrib- 
uted to the chemistry of berylliun, | 


In 1913 Fichter and his punils prepared beryllium in. sufficient quan- 


tity to study its properties, employing the iethnod of i. Lebeau, and obtained 
a 98 per cent sure metal. | - 


In 1916 Oesternelal/ published an important experiment. He studied 


more particularly the equilibrium diagrams of the alloys beryllium-iron, 
beryllium-aluminum, teryllium-copver, and beryliium-silver. 


In 1921 Stocl: and Géldschmidt, in Germany, with the cooperation of 


Priess and Praetorius, obtained metallic beryllium for the first time in the 
form of large buttons, directly from 2 fused electrolyte, Their investiga- 
tions are described in some detail by Illigll/, <o says, in part: 


* * * Before starting their experiments, Stock: and Goldschyr.ct. 
made an effort to find a method by wnicn all of the limiting conditions _ 
would be eliminated, They felt that the electrolytic separation of V 
beryllium (melting at 1,285°9 C.) from a fused salt mixture could only 
be possible if a salt be used, which at this temperature either did 
uot evaporate at all, or at least did so only slightly. On the other 
nond, to avoid an unusually high potential drop between the electrodes, 
the salt must also possess at this temperature a very low viscosity; 
and furthermore, the anions must be easily separated or removed from 
the electrolyte. It is only in this manner that the sevarated metal 
might be prevented from remaining in, or being redistributed in, the 
surrounding fused salt mass. : 


Investigations have shown that these conditions are fulfilled 
in general by the double fluorides of beryllium with sodium and barium. 
The barium-beryllium fluoride has an aovreciable viscosity around 
1,3060 G., but also has the advantage of being only slightly volatile 
at this temperature range; it has an appreciable dissociation within 
tnis range. The sodium-beryllium fluoride is strongly dissociated 
even at relatively low temperatures. This, tnerefore, offers a means 
of obtaining an electrolyte possessing a good conductivity. It has 
only one disadvantage,, namely, that at very high temperatures the 
sevarated beryllium metal may be volatilized in aopreciable quantities. 


If the electrolysis is started with the sodium-beryllium 
fluoride, and with rising temperatures, some barium—beryllium fluoride 
is added in increasing amounts, there is obtained a useful mixture of 
the double salts for every temperature interval. When the final metal 
separating temperature of 1,300-1,350° C. is reached, it is not diffi- 
cult to continue the electrolysis for many hours, provided suitable 


Oesterheld, , Ueber den Schmelzounkt und die Schmelzwaerme des Bery4liun. 


Ztschr. anorg. Chem, vol. 27, 1916, p. 1; 
Tllig, Yurt, The Production and Uses of Berlin, Trans. Am. Eleatrochnen, 
Soce, vol. 54, 1928, vo. 53-64. 
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#  édditions of both double salts are mide from time to time. 


Stock and Goldscnumidt protected this seneral method of psrocec- 
ure by letters patent in cll large countries. They realized, lovever, 
that muc:i aiditiconal wor’: was necessary tefore all of the deteils for 
the continuous »sroduction of large quantities of veryllium would be 
established, 


v In order to study the problems on the broadest busis, the 
foremost German manufacturers orgenized a iperyi ium: Rescarel Insti- 
tute in 1923, under the chairmansnip of the Siemens and Halsuce A. G., 
of Berlin. It was the aim of tnis institute to make a systematic 
study of the fundamental Stoc':-Goldscimidt method in all of its dc- 
tails and to determine wnether or not bak vas possible to produce bervl- 

_ lium metal in commercial quantities from fused electrolvtes. * * * 
In 1926 the Institute felt convinced that in the Stock-Goldse:midt 
method there was a means by which a commercial production of beryl] iux: 
metal might be exvected. At the same time the comercial anplications 
of this metal were studied. 


The Stock-Goldschmidt process was develoved. and improved by tne Siemcns 
& Halske, A. G., and it is reported that an exoerimontal plant capable of »ro- 
ducing about a ton of berylliuri metal ycarly is ncarin: cormletion. 


PRICES 


Beryllium is quoted in the United Statcs at $200 ver round, and shnin- 
rents are made chiefly from small stocks manufactured in 1927 or earlier. As 
in éll metallurgical operations, the ee of the metal on a laboratory 

or semiconrercial scale is mci more costly tnan it vould be in large lots. 
lienahom Merlub-Sobel 1e/ estimates that the metal could be mamifactured Kat 
less than $5 per pound if, and when, the market absorbed 100 tons ov more per 
annums; tiuis without eredi tine the metal with certain byv-vroducts obtained in 
the course of its manufacture." 


Kurt Illie 13/ has nredicted tnat wnen the production of the ey Ten 


Halske Co, reaches 1 ton of berrllium per year, the »rice will ve $35 to 40 
per pound ($75 to $90 per iilogram), and that should the sale of the meta 
increase to 100 metric tons a year it may te nossitle to cut the aeies oo 


two-thirds or to $12 or $13 a pound. 
RERYLLIUM MINZRALS 


Beryllium is vresent in a great number of granitic rocks and to a. 
minor extent in clay slate and mica schist, in the form of aluminates, sili- 
cates, phosphates, borates, etc. Beryl, wiich aosears to te dy far the lend- 
ing, if not the only ore of the metal, is a common accessory of vegnatite 
veins. It alters to mica and ‘zaolin, and the ber-llium oxide thereby released 


ae a eee Se Se ES EN SS SS ae 


12/ Worse cited, p. 3. , 
13/ Tllig, Kurt, The Prodiction and Uses of Bervllium Trans. Am. Electro- 
ecnen. Soc., vol. 54, 1925, pp. 53-64. 
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may reappear as a constituent of secondary minerals, notably scpemegaiee., 
herderite, and beryllonite. 


Due to the lack of a market for any but the gem varieties of beryl, 
_there has been no incentive until recently to develop deposits, Until a year 
or two ago the ‘total output in the United States probably did not exceed 10 or 
15 tons a year and even now (1929) demand is limited to occasional shipments 
in léss ‘than carload lots. 


BERYL - 


Beryl is a complex silicate of aluminum and beryllium. When pure it 
has the formula SBe0 -A1Z05.65102 and contains 14 per cent beryllium oxide, but 
often the beryllium is replaced by other oxides, such as calcium, iron, chrom- 
ium, potassium, sodium, or cesium, In color beryl varies from white or color- 
less to green,’ blue, yellow (amber), and even red, but usually it is some shade 
of green. Clear transparent crystals are cut as gems, The deep green variety, 
_ the color of which is attributed to the presence of ali ittle chromium, ie the 
emeraldl4/ which is worth more than the diamond. Aquamarine, a sky-blue or 
greenish-blue variety, is also a precious stone. Beryl is about as heavy as 
quartz, sometimes a little “eavier (specific gravity, 2.63 to 2. 8), but its 
outstanding characteristic -is its hardness. (7.5 to 8). It is harder than 
quartz or tourmaline and practically as hard as topaz, from which it differs 
in that it has no distinct.cleavage. It crystallizes in hexagonal prisms 
ranging in. sige from mere thread-like pieces to huge crystals many feet in 
length and Weighing several tons. Oceas tenet y. it occurs, in Lance columnar or 
granular masses, 7 


Uses of Beryl 


In addition to its potential value as a source of beryllium metal, 
ordinary beryl may have other uses, notably as a substitute for felds 3 in the 
manufacture of porcelain. This use has been described by W. M. Mverst2/- as 
follows: : 


a Investigations carried on by the Bureau of Standards (Blein- 
inger, A. V., and Riddle, F.-H., Special Spart-plug porcelains. Jour. 
Am. Ceram. Soc., vol. 2, July, 1919) have shown that when beryl is 
substituted for feldspar in the manufacture of porcelain in amounts 
varying from 25 to 45 per cent of the total mixtures, the other com- 
ponents being silica and clays, a product is obtained which displays 
avery high electrical resistance and low thermal expansion. This 
porcelain is therefore considered a very proaising material for elec- 
trical uses. Due to the scarcity of beryl there has been no commer- 
cial production of this type of porcelain. . 


The so-called oriental emerald is 

oxide. “4 oo 2 
15/ Mvers, W. M., New Uses of Nonmetallic Minerals. Bop. of Investigations, 
Serial 2587, Bureau of Mines, 1924, p. 5. - 


a variety of corundum, an aluminum 
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Occurrences of Beryl 


TE nen ae nT OL AS EE 


Tnited States, 


Good emeralds have been found in Massacnusetts and in North Carolina 
(Alexander County, especially from Stony Point). Aquamarines and other gem 
Specimens have teen ottained at Paris and Stonenam, Me.; Mount Antero, Colo., 
and several places in North Carolina. The best emeralds, however, are mostly 
imported. The world suxply comes from Colombia, British India, Brazil, Siberis, 
Australia, and (recently) South Africa. 


Occurrences of beryl, as described by the Urited States Geolozical 
Surveyl6/ , may be summarized as follows: 


Alabama: 


. Coosa County: Crystals suitavle for gems have becn found near Rock- 
ford and Hissop. 


California: 


Hiverside County: Fine yellow and green teryls occur at Cosnvila, 


and rose crystals near Hemet. 


San Dieso County: Aquamarine variety is mined intermittently at 
Pala, Rincon, Mesa Grande, and Ramona; vellow, green, and 
blue crystals occur in the Palomar Mountains 9 miles south- 
east of Pala. 

Tuolumne County: Jamestown (reported). 

Colorado: 
Bovldcr County: Wear Gle:dale. 
Chaffee County: Occurs near top of Mownt Antero; color varies from 


light blue to deep aquamarine green; fine gems, worked inter- 
mittently. 


Clear Cree’: County: Gcorgetown. 


Fremont County: East Gulch, 65 miles north of Texas Creelz; mincd, 
few gems cut. 


Jefferson County: Wear Creswell. 


Par: Co wm: Burfalo Mountain. 


16 Schrader, F. Usy olvOnG, Re We, ana Sanford, Samacl, User Minerals of 
tne United States. U.S. Geol. Surv. Bull. 624, 1916, 412 nov. 
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Connecticut: 
Fairfield County: At Brancaville. 


Litchfield County: Gem golden beryl and aquamarine were mined vith 
mica and feldspar 6 miles north of Now Milford. 


Middlesex County: Abundant in the pegmatite at several quarries in 
Middletown, Portland, Chatham, and Haddam; gem aquamarine 
noe in some of raeees especially in Portland and Haddam. 

ew aye Sounty: Found in Southford quarry. 

Georgia: 
Rabun County: Beck beryl mine 7 miles east of Clayton. Large flawed 


crystals in pegmatite contain clear portions suitable for 
cutting. 


AQUAMARINE: ! 7: 


Kennebec County: At Winslow, with mica and fluorite in cassiterite 
vein. aan ; ee. 3 


- Oxford County: French Mountain, town of Albany;. Bunton mine, town of 
- Newry; Mount Mica, tovn of Paris; associated with corundun, 
totm of Greenwood; eco onnuea? and Harndon Hill, town of 
Stoneham. 
Sagadahoc County: © At Topsham feldsvar aes 
CESIUM BERYL: 
Androscoggin County: Berry quarry, town of Poland. 
Oxford County: Town of Hebron; on Dudley farm, town of Buckfield. 
GOLDEN BERYL: 


Oxford County:  ' Edgecomb Mountain, town of Stoneham, and Syecizled 
Mountain, town of Peru. | 


Ovaque varieties comaon in pegmatites, notably: 
Androscoggin County: Apatite Hill, town of ‘Auburn. 
Hancock County: In cassiterite-vearing granite at Catharine Hill. 


Oxford County: - Joyes mine, town of Greenwood. 
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messachusetts: 


- Worcester County: at Royalston, test locnlity in State, blue and 
yellow ¢ gem quality, worked intermittently. 


fremilin County; At. Northrield. 


Hampden County: Blandford. 


Yammshire Countv: Cnesterfietd, Goshen, and Norwich. 
te Ee ee ee es ee ee ee BP r] 9 
pe ALD : 


Hanpshire County: Reported specimens found at Chesterfield and Goshen. 


new Nsarms suire?: 


Comion in pegmatite ledges of Chesnire, Grafton, Merrimac?’:, 
and Sullivan Counties. 


Cheshire County: Large crystals found in Wim's mica mine, town of 
Sullivan; tsoth gem aquamarine and goiden beryl have ceen mined 
at Island mica mine in town of Alstead; <:em and speci:nen beryl 
found in town of Roxtury. 

Grafton County: Large crystals found at Standard mica mine near 
Orange; at De Nott mine, Zilton mine, and Alger Hill mine near 

.Grafton Center; Gorse Hill near Grafton; Wilcher 2 Fillsbury 
mine in town of Wentworth; and at Wew Eaven mica mine, town 
of Alexandria; gem aquamarine and golden beryl have been 
agen at Reynolds mine on Sanders Till ana at Playter mine 

n Springfield iiountains, south of Grafton. 


Merrim.ck County: Plentiful on Stuart Hil2, 2 wiles west of Danbury. 


Sullivan County: Crystals tmreasuring 1 inch to 2 fect in dianeter 
found at Beryl Mountain near South Acworta. 


New Mexico3 


crystals of fine quality found 


Ht) 


Santa Fe County: Near Santa Fe, a 
i:: the gravels, not worked. 


North Carolina: 
Alexander County: wiined at Hiddenite-Enernld mine. 
Burke County: Near Burlknont in South Mountains. 


In mica mines in Alexander, Iredeil, Mitchell, and Yancey Counties. 
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AQUAMARIE: 
Alexander County: Mined at Hiddenite and Ellis mines, near Hiddenite. 
Burize County: Has teen found in South iMountain. 


“Jackson ‘Count? dines several miles south of Cashiers. 


Macon County: ‘ined at head of Tessentec Creel. 


ifitchell County: Mined at Wiseman ond other mica mines. 
Yancey County: In Ray and other mica mines. 


Pennsylvania: 


Chester County: Union township, ncar Northrop and Unionville, hes 


yielded hurdreds of pounds of crystals, 


Delavare County: Desiong's quarry at Leiverviile; the Shaw-Ezra 
quarry at Chester; Avondale quarry near liedia; many localities 
in Goncord, Marble, Middletown, and Uvper Province townsninvs; 
Linwood, occasionally found. 


Pnriladelphia County: Feairmount Part, Germantown, Logan, Mount Airy, 
and Shavmont have all produced gem specimens. 


South Carolina: 
Anderson County: A few crystals sufficiently clear to be cut for 
gems have been. found at ifcConnel Place, 3 miles nowth of 


Anderson. Occurs at numberous points clong the Anderson- 
Spartanourg zone. Cut for cems,. 


South Dakota: 


Custer County: Lorge crystals and masses occur in pegnatites with 
tin amd mica. 


Pennington County: In »,egmatites near Ke;rstone. 


Toocle County: About 35 miles southwest of Simpson Syrings, Ibtanan 
Mountain. 


Virginia: 


Amelia County: Amelia mica mines. 


Henry County: In »egmatite near Axton. 
Rockbridge County: With cassiterite in Irish Creek area. 
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In the spring of eee in order to ootain an asrroxinate idea as to 
tne beryl resources and vroduction or tne Unived Stztes, the Bureau of Mines 
adéressed questionnaires. the nica and feldspar predicers of the country. 
The replies indicated tieat the only nroduction of any consequence was fror the 
Black Eills of South Dazota, New Yor’:, Maine, and New Hauroshire, and at that 
time several of moe Saas liad stocizs on hand Yor whieh they were desizous 
oi finding 2 mnaite 


Maine: 


4 


are : = 7 rm 
Occurrences in Moine are described in some detail oy BastineZ/, w.0 
suimarizes the teryl zsescurces of the State, as follows: _— 


* * * Opuque crystals are quite comaon in most of the coarser 
pegmatite deposits of Meine, where they occur as more or less remular 


orisms embedded in the solid peamatite. Some of these reach remarizable 
dimensions: one found in the “atnue Feldsvar Company's quarry 2% ‘.ount 
Avatite in Auburn was described as having a diameter equal to that of 
~ hogshead. One from the Noyes gem mine in Greenwood, Oxford Ccmty, 
vag so lar.c that a man conld barely reach ax round it With: nie aims. + > 


Emeralds are of rave occurrence in tne vegnatite deposits of 
moive. One crystal of light srass-green color eabedded in quartz was 
qoserved by the writer at the Danton sem quarry in Newry, Oxrord 
County. . It was a vrism half an inch across and 14 inches low. but 
was so oadly fractured as to be valucless for gems. * * * 


The light-blue to sly-blue ond lignt-freen transparent Voric- 
ties of beryl known as aquamarine are inmore abundant than any cf the 
other gem varieties of beryl found in Meine, snd snecimens of romark- 
avle size and beauty have been ootained. * * * Most of the fen ma- 
terial nas come from Oxford County. Some lias been ottained fro.1 what 
is iznown as the E-mons mine in the sovthwestern part of Green'cod, 


from French Mountain in Aloenz, Sugar Hill in Stoneham, and Lov on 
Betirel, and otner towns, « fine seu-green aquamnrine weichir: avout 
* carats was found necr Sumner. Eecently rome vood gems have teen 


Dteined on the Dudley farm in Buckfield. * * * 


eautiful transperent golden-yeilow beryls neve becn obtsinca 
in the Lene at various points in Oxford County, at Hdgeco.sb 
wountuin in Stoneham, in Albany, and recently «00d gem matcrial of a 
strav yellow has been obtained from the west side of Snectzled Mourtain 
in Peru. hey ure mined snoradically by g&2m collectors, mostly clrorn 
small prospects. * * * | 


a colorless to odluish-White or nimncish-waite varicty of Sexy 
containing a small vercentare (1.46 per cent to 3.6 per cent) of oxide 
cf cesium was first discovered in “ehron, Oxford County, but acs since 
beon found to occur ai 2 musber of other elias local tics in the 
western part of the State, netatly at Movnt Mica in Paris, at tas 


Disley farm in Buckfleld, Oxford County, and at ee Télispar quarry 


Py 


2 
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17/ Pastia, H1s02 Se, Geology of the roomatites and Ass sociated Rocks of Maine. 
Us Se (Geol. Surv. Bulls 45, 111,152 pp 
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of Mr. A. R. Berry in Poland, Androscoggin County. Generally it | 
occurs in somewnat irregular masses in the solid pegmatite,: but in. 
some occurrences shows rezular crystal forms. When cut it makes a 
stone of high brilliancy which as a night stone is considered by 
some to be superior to many diamonds. It is valued chiefly because 
of its resemblance to the diamond. | | oo 


There -is also an interesting occurrence of beryl at the Bumpus neers 
lege hie., in meee large crystals have: been exposed. 


New York: 


Beryl, associated with feldsvar, occurs at Bedford, Westchester County. 
the deposit is one of pr rincipal sources of pone in the East. 


south Dakota: 


The largest potential source of beryl ig apparently ‘in the Blac:: ‘a 
of South Datzota. The devosits in that region are described as follows:=* 


Beryl occurs in greater or less amounts in nearly all of the 
vepmatite bodies of the southern Black Hillis, and is-aiso found in 
some of those of the Nizger Hill area in the northern Hills. ‘4xcel- 
lent crystals and crystal groups. have been found in. the Crown mica 
mine near Ouster. It also occurs in the White Svar and -New York 
mines, although in the latter it is somewhat imoure, “naving moch 
included quartz, feldspar, and totrmaline., ‘Beryl occurs in -consider= 
able abundance in the pegmatites near Keystone. ll four of the larger 
bodies show it, the Etta, Hugo, Peerless, and Ingersoll. At the Inger- 
soll may be seen at the present time what is probably the largest. 
beryl crystal ever uncovered. « section across the crism is exnoosed 
here Which is 46 inches in. diameter. The length of. the crystal is 
not known, as it has never teen fully exposed. The Beryl Nica lode 
at Pringle, operated by the Dal:ota Feldspar Comoany, contains mich 
beryl wnaicn gives promise of considerable comzercial importance. 


* * * The value of tho entire »roduction from the Eills to 
date is provably less. than ees 


High freight rates have svoyea a handicap in | marketing the South 
Dakota material. On full carloads a rate of $17 a ton can te obtained in New 
York, but on- less than carload lots ~- even. ea eaee of 10 tons er more - a 
rate of $50 a ton has been. charged. 


Roper Countries. 
africa: 


Two companies are reported to be actively interested in the produc- 
tion of beryl. The Beryl Nining Co. is working the Somers set mine in the 
Leydsdorp district, castern Transvaal, and, Beryllium, Ltd., has recently been 


18/ Connolly, Joseph P., | and Or tarra, Cleophas Ce. The inerai i Wealth of 


the Blaciz Hills. oe Dekota Se.i001 of ilines Bull. 16, 1929, DDe aes 
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organized for the purpose of working eae 1a Namaqualand. according to VW. 
Bleloch, chairman of the Beryl Mining Co.19/, the mine has been "Stendily »ro- 
ducing from SCO to 50 pounds of crystals ver. veel from a totel gross tonnuge 
mined of aporoximately 300 tons." The mterial mined has apnarentl: been 
marizeted entirely as gem material, although ifr. Bleloch stated that the Noeea 
was making inquiry with regard to, the market value of veryllium metal. 


Tne recently discovered devosits in Namaqualnnd have_sattractod con- 
Siderable attention in the techniccl press, and it is state 0 that preline- 
inary excavating has resulitedin the recover; of about 15 tons of beryl, aver- 

ging over 15 per cent BcO. | 7 


Brazil: 


Crystals of beryl varying from 290 centimeters to 2 meters in circwn 
ference occur in the pegmatites of Minas Geraes and Bahia. Some of the min- 
cral is in the form of aquemarine and one very large sxecimen veigning 110.5 
lcilograms was found in Marambai ai et : 


Canada: 


Beryl deposits in Caneda are located in Renfrew County, Ontario, about 
150 miles northeast of Toronto, near the village of Quadville; and in the 
Abitibi region of the western part of the Province of Quebec, 20.miles sovth- 
west of Amos on the Canadian National Railwaye</, Mo definite infornatiorn is 
ot hand concerning the extent of these deposits, tut the article referred to 
indicates that the deposit in Renfrew County gives promise of a large tonnay;‘e 
of high- eae ae 


The emerald deposits, 75 i:ilometers from Muzo, are well known and have 
long been :. source of gem stones. 


India: 


Beryl crystals are found: in.the mica mines in Wellore, varving in 
Size from tiny crystals less than half a centimeter to those measuring 2 Toot 
in diameter. V. S. Swaminathan£3/ estimates that fiom 3 to 5 tons of beryl 
per year would be available. Beryl also occurs in the’ mica mines in Behar, 


I9/ South Afrioa Mining and Engineering Journal, The Position and Prospects of 
Seryl winings. Vol. 40, Avril 27, 1929, po. 224. 

20/ South .ifrican Mining an . eens Journal, xemarixable reryl Discovery. 
Vol. 40, June 22, 1929, po. «77-80. 

21/ Moraes, L. J. a: Wota sobre algunas jazidas de beryllo e mica do valle 
Go Rio Doce, Estado de Minas Geraes. Ministerio da Agricultura, Industria 
e Commercio, Servico Geologico e Wineralogico do Brasil, Boletin Zo. 18, 
1926, pp. .23-82, | , 

22/ Bulletin of the Imperial Pasties of Great Eri eta. Beryl in Cnneda. 
Vol. 24, No. 3, 1926, pp. 569-70. oe 

23/ Swaminathan, V. 8., The Mode of Qccurrence od Chemical Composition of 
Beryl from Nellore, With 2 Note on its Industrial and Chemical Applications 
Transs,, 4a Goole Inst. India, vol<..ccy pts 8, OCty 4 L9Ze, re 26226 cs. -* 
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New South Wales: 


Beryl occurs associated with tinstone at Elsnore, Mole Tabeland; with 
feldspar, quartz, and mica at Ophir, Wellington Co.; at Shoalhaven River, east 
of Bungonia, and in alluvial deposits at Eimmaville, Kangaroo Flat, Tungha Copes 
Creek, and Scrubby Gully.<4/ 


Siberia: 


Transparent beryls occur near HExaterinburg and Miask, and in the moun~ 
tains of Adun-Chalon, in Eastern Siberia; some of the crystals exceed a foot 
in length. It is understood that the Soviet Government nas for some time been 
carrying on active prosvecting in various districts in the Urals, and Schienzi ¢25/ 
believes that the Siberian mining of beryl will be the decisive factor in form 
ing the price of beryllium metals. 


United Kingdom: 


Beryl has been found in the Mourne Mountains of County Down; at na ie 
near Dublin; Rubislaw near Aberdeen; and at St. Michael's Mount, Cornwall .<& 


Minor Minerals 


In addition to beryl, a number of other minerals are known which con- 
tain appreciable quantities of beryllium, though the minerals themselves do not 
occur in quantities sufficient to make them of economic interest as sources of 
beryllium. Tegruc? nas summarized these minor minerals of beryllium as 
follows: | 


Bertrandite. A beryllium silicate of the composition 4Be0.2Si02.Ho0 (50.35 per 
cent Sido, 42.1 per cent BeO, 7.6 ver cent Ho0). It is found in 
Bohemia, France, and in the United States (Colorado, Maine, Virginia). 


Colorado: -Nount Antero, Chaffee County. 
Maine: Stoneham, Oxford County. 
Virginia: Amelia Court House, Amelia County. 


Beryllonite. 4 sodium-beryllium phosphate of the composition NagP04.BegP 50° 
(55.9 per cent P20s, 19.7 per cent BeO, 24.4 per cent Nay0). It is 
found in the United States at Stoneham, Oxford County, Maine. 


24/ Bulletin of the Imperial Institute of Great Britain, The Source and In- 
dustrial Uses of Beryllium Compounds. Vol. 12, 1914, pp. 613-615. 

25/ Schlenzig, J., Beryllium: Occurrence and Production Costs. Metal Indus- 
try (London). vol. 35, Aug. 2, 1929, pp. 107-8. | 

26/ Bulletin of the Imperial Institute of Great Britain, The Source and In- 
dastrial Uses of Beryllium Compourids. Vol. 12, 1914, »p. 613-615. 

27/ Negru, J. S., Glucinum, Chem, and Met. Eng., vol. 21, 1919, pp. 353-359. 
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Cesc. A beryllium-aluminum oxide of the composition BeQ. Alo0g (80.2 
per cent Alo0., 19.8 per cent BeO). It is found in Brazil, Ceylon, 
Ireland, Moxavia, Siteria, and the United States (Colorado, Connecti- 
cut, Maine, wWew Hampshire, and New York). 


Colorado: 6 miles west of Sedalia, Fremont County. 
Connecticut: Haddam, Middlesex County. 

Maine: Newry and Stoneham, Oxford County. 

New Hampshire: New Orange Summit, Grafton Country. 

New York: | Greenfield, Saratoga County. 


Danalite. A commlex mineral of the cozmosition (Be, Fe, Zr, Ma)» 9301 95 
with about 14 pex cent Bed. It is found in the United States “(Gelo- 
rado, Massachussetts, New Hampshire). 


Colorado! West Chevenne Canzroi, EL Paso County. 
Massachusetts: Essex County: Eockoort, Cane Anu., Gloucester. 
New Harmshire: Bartlett. 


Gadolinite. ‘A complex silicate of beryllivn, iron and yttrium, of the com- 
position 2360.Fe0.2Yo0,.2Si05 (23.9 per cent Si02, 51.8 ver cent 
YoGz, 14.3 per cent Fob, 1O per cent ae It is found in Greenland, 
Iveland, Norwa-, Si cet a. Sweden, and the United States (Arizona, 
Colorado, Texas). 7 


Arizona: Monave County, in cliffs, 36 n.les south of Haclcverry, 
and near Kingman, about 6 miles west cf Chin Lee Vail ev 
and 2 to 4 miles south of the Utan line. 


Colorado: Douglas County, Devil's Head Mountain; Wasnington Contr, 
' - wWrron.e 
Texas! Burnett County; Lleno Counts: Barinzer Hill. (Here are 


found crystalls of vadolinitve weigsing up to 60 pounds 


Helvite. aA complex silicate of the composition (in, Fe)S.3(Be,Ma,Fe)2 Sidy, 


with atout 12.5 per cent BeQ. It is found in rape Eungary, .orvar, 
Savonv, and the United States (near Amelia Court House, Amelia County, 


Virginia. 


Yerderite. . A fluophospnate of calcium and beryllium of the composition 
(CaF)BePO (43.8 per cent P,,0g, 15.4 por cent Be0, 34.6 per cont Cad, 
5.9 ver cent F). It is found in Secon and the United States (Maine: 


Hebron and Stoneham, Oxford County, and Avourn, Androscoggin County). 


Puenacite. ‘A terylliun orthosilicate of the cormosition 2BeO.Si0e (54.45 
ner cent Sido, 45.55 »er cent BcO). It is found in the Urals (near 
Weaterinsburs), France, Mexico (near Duranzo), Switzerland and the 
United mbales: (6 Colorado, Maine, Virginia). ? 
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‘ Colorado: Chaffee County, Mount Antero and Devil's Head; El Paso 
County, Crystal Park, 2 miles southwest of Manitou; Teller 
County, Topaz, Butte, near Florissant, and at Cripple Creel: 
in the Gold Xing Mine. 


Maines wear Stonenam, Oxford County. 
Virginia: Anelia Court House, Anelia County, 
Fuclase. 4 _beryllium-aluminum silicate of the composition 2Be0. 28100. a 


A1502.H20 (41. 3 per cent Si02, 35.2 per cent Al,0,, 17.3 per cent Be, 
6.2 per cent H\0). It is found in Brazil (Province of Mines Geraes), 
Ural eee, District) and in the Austrian Alps. 


Eudidymite. A beryllium-sodium silicate of the composition H,0. a90. 2Be0. - 
6Si0s (73.4 per cent 6102, 10.2 per cent BeO, 12.7 per “cent Nap0, 3.7 
per cent Ho0). It is found in southern Norway, near Langesund fiord. 


Hambergite. A beryllium borate of the composition 4Be0.Bo0.. H90 (53.25 per 
cent BeO, 36.72 ver cent Bo0z, 10.03 per cent H20). It is found in 
southern Norway, near Lanzesund fiord. 


Leucophance. a. complex silicate of the composition iat.dBe0.3Ca0. 55i05 with 
10.3 ver cent BeO. It is found in the southern part of Norway, near 
Laagesund fiord. 


Melipnanite. A complex silicate, somewhat similar to leucophane, of the com- 
position NaF.2Be0.2Ca0.d5i05o with 16.1 per cent BeO. It is found in 
Norway, near Langesund fiord. | 


Irimerite. A complex silicate of the soeeenien Cita, Ca)oSi04 BegSi0a with 
16.6 per cent BeQ. It is found in Sweden, at Vermland. 


Markets and Prices 

In recent months there has been some inquiry for beryl from abroad, 
and it is understood that foreign vuyers have been paving in the neighborhood 
of $60.00 a snort ton f.o.bd. New Yor. However, there can not be said to be 
a regular mar:cet price for beryl in this country, and sales are probably a 
matter of bargaining. As stated before, high freight rates ($17 a ton on full 
carloads and $50 a ton on less than carload lots) have made it difficult to 
market South Dakota material in the East. The demand in the United States, 
however, is small, -- all less than carload lots, -- and mich of the beryl 
marieted in the East has come from New York Staté. | 
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